Experimental study of crack propagation in carbon steel using acoustic emission by Zohora, Fatematuz et al.
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Zohora, Fatematuz, Tan, Andy C.C., Kaphle, Manindra R., & Fawzia, Sab-
rina
(2014)
Experimental Study of crack propagation in carbon steel using acoustic
emission. In
Shiotani, T., Wakayama, S., Yuyama, S., & Moriya, H. (Eds.)
Proceedings of Progress in Acoustic Emission, The Japanese Society of
Non-Destructive Inspection, Sendai, Japan, pp. 129-136.
This file was downloaded from: http://eprints.qut.edu.au/80885/
c© Copyright 2014 [please consult the author]
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
1 
 
Experimental study of crack 
propagation in carbon steel using 
acoustic emission 
Fatematuz Zohora
1
, Andy C.C.Tan
2
, Manindra Kaphle
3
and Sabrina Fawzia
4
 
ABSTRACT 
Acoustic emission technique has become a significant and powerful structural health 
monitoring tool for structures. Researches to date have been done on crack location, fatigue 
crack propagation in materials and severity assessment of failure using acoustic emission 
technique. Determining severity of failure in steel structures using acoustic emission 
technique is still a challenge to accurately determine the relationship between the severity of 
crack propagation and acoustic emission activities. In this study three point bending test on 
low carbon steel samples along with acoustic emission technique have been used to 
determine crack propagation and severity. A notch is introduced at the tension face of the 
loading point to the samples to initiate the crack. The results show that the percentage of load 
drop of the steel specimen has a reciprocal relationship with the crack opening i.e. crack 
opening zones are influenced by the loading rate. In post yielding region, common acoustic 
emission signal parameters such as, signal strength, energy and amplitudes are found to be 
higher than those at pre-yielding and at yielding.  
 
INTRODUCTION 
For maintaining structural integrity and monitoring of defects in structure, acoustic 
emission (AE) is one of the excellent techniques among the various types of Non-destructive 
testing methods. Currently, AE is found to be an efficient damage detecting technique for real 
time testing of materials’ deformation behavior under stress [1, 2]. 
In early 90’s a series of tests has been conducted to identify cracks in steel bridges. These 
studies have given foundation guidelines for AE applications in services and recommended to 
reduce noise and to source location for better damage inspection [3]. Since then further 
research focus has shifted from steel bridges to concrete bridges, as assessment of large 
number existing concrete bridges was required. Therefore, more established AE data analyses 
have been done for concrete, cement, granite or brick materials[2, 4].  
Recent research has been focusing on fatigue crack growth, for example Wu-yang et al 
[5] studied fatigue crack growth initiated from a notch tip under cyclic compressive load. The 
experimental study mentioned in this paper is similar to the study of Wu-yang el al’s in some 
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areas, but the loading configuration is different. Moreover, the core findings were also 
different from this paper; they compared tensile load with cyclic compressive load for crack 
growth and they have not considered AE for data analysis.  In another research work [6] 
piezoelectric ceramics were used to study the dynamic fatigue or slow crack growth by 
numerical and experimental analysis. Electromechanical loading was applied to the material 
under positive and zero electric field. The paper mainly focused on the influence of applied 
electric field on the crack behavior of piezoelectric ceramics. The energy release rate was 
increased exponentially with applying load and trend of the curves were slightly different for 
different crack length. Moreover, crack propagation velocity was found to be a function of 
energy rate. However, the relationship with crack length, applied load and time was not found 
from the study. In Kaphle et al [7] work, for quantifying the damage in experimental 
environment, several AE data analyzing techniques have been explored. b-value analysis was 
among them, where a linear slope was studied in semi-logarithmic scale. This concluded that 
more studies are still required to verify the value of b in steel structures in order to gain 
acceptance in industries. In severity analysis, the severity of damage could be determined by 
plotting the maximum values of severity and historic indices. For application of this 
technique extended research was necessary to apply them in steel structures.  
Usually different types of cracks generate different AE signals with varying frequency 
and amplitudes, which is related to the degree of damage of the structures. While crack 
started to open up, most energy was released, and the AE events were found to be of smaller 
amplitudes [8]. AE testing has a capability to predict forthcoming of cracks in the specimen 
earlier than detection by visual inspection[9]. AE signal strength is an important parameter 
for AE data analysis. AE Signal Strength Moment (SSM) ratio was used as an indicator for 
damage detection of concrete beam. Detail of SSM could be found in [10, 11].  
This paper attempts to relate loading rate and crack opening and AE energy of steel bars 
using acoustic emission parameters, on three point bending test. The results show that loading 
speed variation has an influence on crack opening time and AE energy. However, future work 
is still required to verify the tests for wide range of loading speed for steel structures, better 
visualization of gridlines drawn in the samples and selection of the best AE parameters to 
detect damage in advance. 
EXPERIMENTAL INVESTIGATION 
Acoustic emission measurement was carried out on three point bending test. The tests 
were performed on INSTRON testing machine (Figure-1b) with 100 KN load-cell. Low 
carbon steel (LCS) bars (0.15% of carbon content) were used as specimen for the 
investigation. Dimensions of the samples were 300mm long with 20×5 mm
2
 cross section. 
Four identical samples were used for the investigation with two different sets of loading 
speed. The applied loading speeds to the samples were 2 mm/min for LCS-1 & LCS-2 and 3 
mm/min for LCS-3 & LCS-4. A V-notch was introduced to initiate the crack at the mid span 
of the sample and on the tension face of the sample. The sample bar was simply supported at 
the end of the length and load was applied the center of the length, same axis as the V-notch 
tip. Loading speed was kept constant throughout the test period. At the end of the test, the test 
sample was seriously damaged, but was not broken completely.  
A two channel micro-disp PAC (Physical Acoustics Corporation) was used as AE data 
acquisition system (Figure-1a). Two resonant sensors were mounted on the samples using 
solid lubricants for firm contact. R15α sensors, manufactured by PAC, were used for signal 
recording as they offer better signal-to-noise ratios. Preamplifiers were used along with the 
sensors with a gain setting of 40dB. Data sampling rate was set at 1 MHz for individual hit, 
meaning that one sample was recorded in 1µs. Threshold value was set as 35dB. To compare 
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with real time condition monitoring higher threshold value were set, though experimental 
condition was apparently noise free.  
   
Fig.1—(a) Acoustic emission acquisition set up & (b) Instron machine with sample 
1. R15α sensor, 2.  Two channel micro-disp PAC, 3. Preamplifier 
RESULTS AND DISCUSSION 
Loading rate  
The plots in Figure-2 represent the results of load verses time of four samples: two with 
faster loading rate (LCS-3 & LCS-4) and other two with slower loading rate (LCS-1 & LCS-
2). From the figure it is clear that for faster loading rate the test period was shorter than the 
slower ones. The overall graph was similar for both faster and slower loading rate. Elastic 
region and initial plastic region for faster loading rate finished around 166 sec while for the 
slower ones they were around 245 sec, but the trend was same for both loading rate. 
Furthermore, the slope up to the yield point for both fast and slow loading was same. 
Moreover, for the 2 mm/min loading rate, there were four cracks opening steps, whereas for 
the 3 mm/min tests they were three. Increased number of steps of cracks opening in 2 
mm/min loading rate could be the result of slower loading rate, which let the sample to open 
up cracks more times. Distribution of load throughout the sample within longer time duration 
also could be another reason to have more crack openings in slower loading rate. 
 
 
Fig. 2—Load verses Time graph with enlarge view of load drop zones for the samples LCS-1 & 
LCS-3 
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Figure-2 demonstrates important points of the load verses time graph, where initial visible 
crack, crack opening steps and end of the test have been showed. LCS-1 and LCS-3 in the 
Enlarge view of Figure-2 represents faster loading graph with four crack opening steps (270 
sec, 363sec, 549 sec and 581 sec respectively) and slower loading with three crack opening 
steps (189 sec, 243sec and 302 sec). The Figure-2 could be referred to Table-1 and later 
graphs as well.  
 
TABLE 1— Load drops at crack opening of the samples and AE parameters 
 
Table-1 indicates crack opening time, per cent of load drop and approximate crack length 
and AE parameters with respect to four important crack initiations for 2 mm/min and three 
crack initiations for 3 mm/min, which could be easier to understand with the help of Figures-
2, 3 and 4. Second crack opening has always higher load drop compare to next ones (refer to 
TABLE 1), which indicate that second crack opening requires more energy to overcome the 
inertia. From the table, respective second crack openings were highlighted. Though second 
crack opening length was smaller than others, still it had higher value of load drop. Initial 
crack length was almost same for all the test samples and final crack length was also around 
6-8 mm. Yet, second crack length for faster loading rate was 2-3 mm and for slower it was 5 
mm. AE parameters behavior is discussed later in this chapter. 
Another significant effect of loading speed variation was its inverse relationship with the 
load drop, which corresponds to the crack opening. Therefore, different loading speed had 
important influence on crack opening regions. From Table-1, per cent of load drop for slow 
loading rate (2 mm/min) to the samples had higher value (more than 5%), while for fast 
loading rate (3 mm/min) the value of per cent of load drop was very low (around 2 %). The 
results show that loading speed has an important effect on crack opening. 
Test Sample
Crack opening 
Time (sec)
% load drop
Approximate 
crack length 
(mm)
AE energy 
(µvolt-
sec/count
AE Signal 
strength×Millio
ns(picovolt-
AE amplitude 
(dB)
270 negligible 0.5 25160 15 95
363 11.27 3 65535 460 99
549 9.49 6 65535 545 99
581 2.72 8 56160 350 99
280 negligible 0.5 10,390 31 95
352 5.8 2 65,535 106 99
477 4.4 5 65,535 107 99
513 2.95 7 65,535 108 99
189 negligible 1 19,589 122 99
243 1.13 5 65,535 590 99
302 0.11 7 65,535 545 95
192 negligible 0.5 15,146 94 99
222 2.45 5 65,535 506 99
432 0.17 6 65,535 530 99
LCS-1   
(2mm/min)
LCS-2  
(2mm/min)
LCS-3  
(3mm/min)
LCS-4  
(3mm/min)
Crack AE parameters
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Fig.3—Gradual crack opening for LCS-3 (3 mm/min) 
a. First visible crack (189 sec)   b. Second crack open (243 sec)   c. Third crack open 
(302sec)    d. End of the test (503 sec) 
As V-notch was introduced to initiate the crack, therefore, first crack opening was visible 
relatively earlier, after yielding of the materials. This means post yielding zone is critical for 
analyzing crack or failure of the materials. Figure-2 shows that post yielding zone has 
continuous load dropping, from where the initial crack started to propagate and during the 
sharp load dropping zone, the crack opening also result in a sharp noise.  
For measuring the crack length, 2 mm square gridlines were drawn on the sample. The 
measurement of the crack length was approximate. Figure-3 & Figure-4 present successive 
crack opening for fast and slow loading rate respectively. First visible crack opening was 
observed after yielding point and was of approximately 0.5 mm length which increased up to 
8 mm. The progression of crack length was not linear; rather polynomial and a function of 
time (Figure-5). In Figure-3b and 3c and Figure-4b, 4c, 4d indicate respective crack opening 
with a sound. The pattern of cracks in all samples was similar, means they were independent 
of time and loading rate. Here overall trend and length of cracks were also similar (in Figure-
5) irrespective of loading rate, except the number of cracks. During initial visible crack (Fig- 
3a & Fig-4a), acoustic emission parameters were relatively greater than elastic and initial 
plastic zones, which can be clearly seen in Figure-6a & 6b. 
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Fig.4—Gradual crack opening for LCS-1 (2 mm/min) 
a. First visible crack (270 sec)   b. Second crack open (363 sec)   c. Third crack open 
(549 sec)    d. Fourth crack open (581 sec) e. End of the test (773 sec) 
 
 
 
 Fig.5—Crack length as a function of time 
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The crack verses time graph represents crack progression for fast and slow loading rate. 
The fitted second order polynomial and the equations from the curve clearly agree with 
similar trend. The squared R value for the curves was also in acceptable range. 
Acoustic activity  
In the elastic as well as initial plastic stage, the level of energies of AE signals was low. 
Immediately after these zones, the samples experienced higher AE energies (refer to Fig 6, a 
for LCS-3 & b for LCS-1) comparing to previous zones. This indicates strong acoustic 
activity throughout this area [8]. During second crack opening AE energy was much higher 
than post yielding region. Between post yield zone and second crack opening time interval 
was around 55 sec for faster loading rate and 95 sec for slower loading rate. The energy level 
was very small at this area. Similar results were seen for the remaining specimens. 
 
 
 
Fig.6—AE energy and load vs time graphs for LCS-3 (a) & LCS-1 (b) 
Very high energy was found in every corresponding crack opening. The highest AE 
energy values for the crack opening zones were around 70, 000 µvolt-sec/count for both 
loading speed. Hence, first higher values were significant indication for future failure or 
damage. This case was independent of loading rate. At the end of the test, while the samples 
were not broken completely, slightly higher AE energies were found, though this values were 
very small compared to crack opening zones. Other AE parameters like AE signal strength 
and amplitude also show similar behavior corresponding to crack opening zone. In every 
crack initiations the AE signal strength was 65, 535 Million picovolt-sec, except the first 
visible cracks. AE amplitude found around 99 dB for all respective crack initiations. AE 
parameters were independent of loading speed variation. Here it can be concluded that during 
post yielding region i.e. just after completing yield zone, from where elongation starts, 
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reasonably higher AE parameters indicate that further damage could occurred shortly 
afterwards. 
CONCLUSION 
Two significant conclusions from the study can be drawn, one is loading rate has influence on 
the material crack opening timing and other is post yield zone is critical to determine the 
future failure or damage. AE parameters during post yielding point could be an effective 
indicating tool for forthcoming damage of the materials and also they are independent of 
loading speed. The trend and pattern of cracks are independent of loading speed and time. For 
further studies, the outcomes from the recent tests need to be verified for wide range of 
loading speed and materials and analyze more AE parameters for detection of damage in 
advance. 
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